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METHOD AND SYSTEM FOR DEMAND 
RESPONSE IN A DISTRIBUTION NETWORK 

0001. This application claims the benefit of pending pro 
visional application Ser. No. 61/241,609 (Attorney Dkt. 
241647-1), filed on Sep. 11, 2009 

BACKGROUND 

0002 System reliability is very important for distribution 
networks such as utilities. Variability in load is an important 
factor that undermines system reliability. While utilities 
maintain load forecasting models and techniques, the actual 
system load is variable and changes continuously. There are 
limited methods that utilities can use to respond to variations 
in load or system contingencies. This is especially true at the 
distribution level. Methods to respond to distribution contin 
gencies typically involve opening circuits, which leads to 
indiscriminant load shedding. 
0003) Demand response solutions are available that allow 
for the reduction of energy demand in response to peak load 
ing conditions. The use of demand side resources to respond 
to contingencies on electric power systems is typically lim 
ited to bulk load shedding schemes (e.g. rolling blackouts). 
More specifically, bulk load shedding and/or reducing Volt 
age (brownouts) are the current methods for dealing with 
overloaded circuits or transformers at the distribution level. In 
either method, there is significant impact for all customers in 
the affected area. There are limited demand response pro 
grams for large industrial and commercial customers who are 
willing to reduce their load on short notice to relieve overload 
conditions, but these are typically more able to respond to 
transmission level faults than distribution level faults. 
0004 Demand response solutions for distribution level 
contingencies, especially in residential areas, are difficult to 
manage because the network structure changes dynamically. 
This makes it difficult to identify customers who can respond 
to a particular contingency. While the utilities have provided 
some customers with direct control devices for certain loads, 
such as heating or cooling devices, pool pumps, and so on, the 
utilities are unable to efficiently and effectively manage these 
devices over the distribution network to respond to specific 
network needs. 
0005 For these and other reasons, there is a need for the 
present invention. 

SUMMARY 

0006. A method and system for controlling load in a utility 
distribution network are provided that initiates a shed event 
for a node in the distribution network by selecting premisess 
associated with the node that are participating in a demand 
response program to reduce the load at the node to desired 
levels. More specifically, the system and method provide for 
selecting only enough participating premisess associated 
with the node that are necessary to reduce the load to desired 
levels. 

DRAWINGS 

0007. The nature and various additional features of the 
invention will appear more fully upon consideration of the 
illustrative embodiments of the invention which are sche 
matically set forth in the figures. Like reference numerals 
represent corresponding parts. 
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0008 FIG. 1 illustrates a demand response system accord 
ing to an embodiment of the invention; 
0009 FIG. 2 illustrates a flow diagram of a demand 
response control process associated with the demand 
response control system depicted in FIG. 1, according to one 
embodiment of the invention; 
0010 FIG. 3 illustrates a flow diagram of a premises 
response estimation process according to an embodiment of 
the invention; 
(0011 FIG. 4 is a graph illustrating scheduling of premises 
response according to an embodiment of the invention; and 
0012 FIG. 5 illustrates a flow diagram of a premises selec 
tion process according to one embodiment of the invention. 
0013 While the above-identified drawing figures set forth 
alternative embodiments, other embodiments of the present 
invention are also contemplated, as noted in the discussion. In 
all cases, this disclosure presents illustrated embodiments of 
the present invention by way of representation and not limi 
tation. Numerous other modifications and embodiments can 
be devised by those skilled in the art which fall within the 
scope and spirit of the principles of this invention. 

DETAILED DESCRIPTION 

0014. The embodiments described herein are directed to a 
demand response method and system that enable the use of 
residential load resources to control load and to respond to 
contingencies in the power distribution network. The contin 
gency response according to embodiments of the invention 
enables targeted, selective demand response that expands the 
range of contingencies that can be mitigated by demand 
response and substitutes the shedding of non-critical loads for 
bulk load shedding programs. The solution is targeted in that 
it allows for implementation at any node in the network, and 
selective in that it chooses the least amount and lowest 
impact/cost loads to shed to alleviate a given contingency. 
While embodiments of the invention will be described in the 
context of responding to contingencies in the power distribu 
tion network, it will be appreciated by those skilled in the art 
that the method and system can be used for other purposes 
such as general load control for energy conservation, or peak 
shaving or reduction program, for example. 
0015. As used herein, the term “node” refers to any point 
in the distribution network where two or more customers or 
premises are electrically connected, including, but not limited 
to, transformers and substations. 
0016. As used herein, the term “module” refers to soft 
ware, hardware, or firmware, or any combination of these, or 
any system, process, or functionality that performs or facili 
tates the processes described herein. 
(0017 Targeted load shedding according to embodiments 
of the invention allows utilities to select specific nodes for 
initiating shed events so that loads on non-overloaded circuits 
are not impacted. Selective shedding includes optimizing 
how much load is shed and which specific premises/devices 
are shed to minimize the impact on customers in the network. 
Once the specific node(s) is targeted, selective shedding 
determines the least amount of load that can be shed to elimi 
nate overloads, and dispatches only that amount. It also 
ensures that non-critical/least cost loads are shed prior to any 
critical loads. Targeted, selective load shedding can be used 
proactively to deal with distribution contingencies such as 
overloading, for example. 
00.18 Embodiments of the invention include load rebound 
estimation, load shed aggregation, and premises selection. 
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The premises selection minimizes the impact on loads and 
maintains critical loads while restoring Stability to the grid. 
The loadshed devices at the premises include devices such as 
water heaters, pool pumps, air conditioning, and any other 
devices that allow for short term load shedding with little 
impact on quality of life, while allowing maintenance of 
critical loads such as lighting and electronics. 
0019. An exemplary demand response system according 
to an embodiment of the invention is shown in FIG. 1. The 
system 100 includes a utility control center 110 and premises 
or utility customers 112. Each of the premises includes a 
utility meter 114 that measures utility usage from loads 116 at 
the premises. The meters 114 can be “smart’ meters having 
transceivers (not shown), together known as Advanced 
Metering Infrastructure (AMI) 118 that communicate with 
the utility control center 110. Communication can occur via a 
WAN (e.g. the Internet) 120, WiMAX, broadband, and/or 
power line carriers, for example. Any suitable means of com 
munication can be used. In order to facilitate the description 
of the embodiments of the invention, a single utility control 
center 110 and a limited number of utility customers 112 are 
shown in FIG. 1. However, it should be understood that 
embodiments of the invention are not limited to these num 
bers, and that the utility can have any number of utility control 
centers and customers in a distribution network. 

0020. The utility control center 110 includes an Energy 
Management System (EMS) module 122 that performs load 
forecasting for the network, and monitors, controls, and opti 
mizes the performance of the generation and transmission 
system. A Supervisory Control And Data Acquisition 
(SCADA) module 123 provides real time information at dif 
ferent points in the grid and also provides local controls. An 
Outage Management System (OMS) module 124 monitors 
load status information and outage restoration information 
for the premises 112 in the distribution network. Some of the 
functions performed by the OMS module 124 include failure 
prediction, providing information on the extent of outages 
and impact to customers, and prioritizing restoration efforts. 
The OMS module 124 operates based on a detailed network 
model of the distribution system that is generated and main 
tained by a Geographic Information Systems (GIS) module 
126. A Distribution Management System (DMS) module 128 
provides real-time response to adverse or unstable network 
conditions by providing information on load status and load 
response. The DMS module 128 manages the response to 
alarms and/or events. Customer information including Ser 
Vice contract information, participation in demand response 
programs, and contract price information, for example, is 
monitored and controlled by the Customer Information Sys 
tem (CIS) module 130. Customer billing is performed by the 
billing module 132. A Network Management System (NMS) 
module 142 provides communication management and pro 
visioning for the DR module 140 and the meter devices 114. 
0021. The utility control center 110 also includes a data 
storage unit 134 for storing data Such as historical data for 
each customer or premises in the distribution network based 
on information from the EMS module 122, the DMS module 
128, the SCADA module 123, the DR module 140, and the 
OMS module 124, for example. The historical data can 
include information on customer utility usage including load 
type, time of use (TOU), duration of use, shed or demand 
response events, for example. The customer usage informa 
tion stored in the data storage unit 134 can be updated peri 
odically (e.g., hourly, daily) with load data including hourly 
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load and hourly price over a twenty four hour period, envi 
ronmental data including weather information (temperature, 
humidity, wind speed, heating and cooling degrees) and date 
and time information Such as day of the week, season, etc. In 
addition, the data storage unit 134 stores event data for each 
customer. More specifically, the data storage unit 134 stores 
historical information on whether a customer participated in 
a demand response event, the start time and end time, day of 
week, season, etc. A user interface module 136 provides 
information to an operator at the utility control center 110 via 
a display 138, for example. 
0022 A Demand Response (DR) module 140 in the utility 
control center 110 utilizes information from the various mod 
ules in the utility control center 110 to respond to power 
demand events in the power distribution network such as 
network contingencies requiring a reduction in load. Accord 
ing to embodiments of the present invention, the DR module 
140 responds to an event by implementing targeted and selec 
tive load shedding. 
0023 Many utility customers participate in demand 
response programs where they receive compensation for 
agreeing to shed load at short notice when necessary. The 
demand response process according to embodiments of the 
present invention optimizes the response to a load shedding 
event by only accessing customers in an identified affected 
area that have agreed to participate in a load shedding pro 
gram. Customers in the affected area are selected as needed 
and on a least cost basis to minimize the cost of the load 
shedding event. The loadshed is either directly controlled by 
the utility through Switching or implemented by customers. 
More particularly, the load shed is implemented by direct or 
indirect load control such that utilities can either remotely 
switch off the devices agreed upon by contract (e.g., HVAC 
units), as indicated in the CIS module 130, or send a load 
control signal to a home/building energy management 
(HEM) system for a load reduction. The HEM system can 
then determine which devices to curtail in order to meet the 
utility requirement. A loadshed in Support of the contingency 
response could also be achieved via a dynamic pricing pro 
gram, where in response to a rate discount, customers agree to 
variable pricing for a certain number of emergency events. 
Upon receiving an emergency price, customers will decide 
how much load to reduce. The desired system level shed could 
be achieved by sending the signal to appropriate number of 
customers, based on their estimated price responsiveness. 
0024. The shed amount will depend on the devices that 
will be affected (e.g., HVAC, water heater, etc.), the type of 
control (e.g., on/offset back), and their current status (e.g., 
running, not running). Compensation can have a fixed com 
ponent for participating, and a variable component based on 
the amount of shed in each event. In addition, contracts can 
specify the number of times that the customer can be called 
upon to participate in a load shed event, and this number may 
vary from customer to customer. 
0025 FIG. 2 shows a flow diagram for a demand response 
process according to an embodiment of the invention. The DR 
module 140 communicates with the other modules in the 
utility control center 110 including the EMS module 122, the 
OMS module 124, the GIS module 126, the DMS module 
128, the CIS module 130, and the user interface module 136. 
The information received from the various modules is used to 
determine the demand response in the demand response pro 
cess 200. The process 200 can be initiated automatically or by 
a utility operator upon notification that an overload situation 
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has occurred or is about to occur, as shown in step 210. The 
process can also be initiated whenever the utility determines 
that a load shedding event should be called and is consistent 
with customer contracts. 

0026. Once the process is initiated, in step 212, the DR 
module 140 receives information from the DMS Module 128, 
the AMI 118, and the OMS module 124, for example, iden 
tifying the node or area in the distribution network experienc 
ing a demand for power that exceeds or will soon exceed the 
available power, the identification of the premises associated 
with the node participating in the loadshed program, the load 
shed needed and the duration of the load shed needed to 
respond to the event. Alternatively, the amount of shed and the 
shed duration can be entered by the operator via the user 
interface 138 and the user interface module 136. In step 214, 
the process estimates the shed response from each of the 
premises associated with the affected node. More specifi 
cally, step 214 estimates the amount of load shed that can be 
provided by each of the premises associated with the node 
that are part of a load shed program. The available shed 
response for each of the participating premises can be esti 
mated from real time data and/or historical data. The DR 
module 140 obtains the real time data from a HEM, the meters 
114, the EMS module 122, the DMS module 128 or contract 
parameters. Historical data is obtained from the data storage 
unit 134. The estimated amounts are aggregated in step 216 to 
determine the total amount of load shed available from the 
participating premises associated with the node to respond to 
the event. 

0027. In step 218, the process then estimates the network 
response to the overload event based upon the estimated 
aggregated loadshed determined in step 216. This estimation 
is performed since it is possible that Some premises may 
experience communication/control failures with the network 
management system and will not receive the DR signal. 
Therefore, the aggregated response availability must be 
adjusted to reflect these failures. If the estimated aggregated 
response is greater than the network needs in Step 220, then a 
shed event is called and premises are selected for load shed 
ding in step 222. If the estimated aggregated response is less 
than the network needs in step 220, then it suggests that 
calling the shed event even for all participating premises may 
not be sufficient to avoid the overload contingency and there 
fore additional responses to the overload event must be con 
sidered in addition to calling the shed event, as shown in step 
224. 

0028. While comparing the estimated shed response ver 
sus the needed shed response, both the shed amount (kW or 
MW) and the duration must be satisfied in order for the 
sufficiency of shed response to be determined. One way to 
determine this is to use the energy (shed multiplied by dura 
tion) as a comparison measure. In this case, the needed net 
work energy is computed and compared to the aggregated 
energy for all participating premises. Since network shed 
duration may be different than premises shed durations 
allowed by individual premises contracts, the premises may 
need to be scheduled to shed loads at different times. Note that 
since distribution systems typically supply three-phase elec 
tric power, premises are assigned to one of the phases in Such 
a way that the total load is evenly spread across each phase. 
Thus, shed times for premises should be scheduled such that 
load balance on all phases is maintained. This type of sched 
uling problem is often referred to as knapsack problem in 
operations research literature. To quickly estimate response 
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Sufficiency, a slack factor can be used to account for sched 
uling constraints. For example, it can be inferred that there is 
Sufficient response if the aggregated premises energy is at 
least 120% of the needed energy, for example. The number 
may be more than 120% or less depending on the relative size 
of the premises sheds as compared to the required network 
shed. 

0029. Once the premises are selected in step 222, the DR 
module 140 initiates the load shedding event in step 226 and 
the corresponding customers are informed. More specifically, 
the DR module 140 and the DMS module 128 sends signals to 
the selected premises indicating an event has been initiated, 
identifying the event type, the requested shed amount, the 
start time, and the duration. The signals are sent using the 
AMI 118 and the NMS module 142, for example. In addition 
to or instead of automatic initiation, the customers can be 
informed via email or a phone call. In some applications, an 
acknowledgement signal is Supplied to the utility control 
center 110 from the premises. In step 228, the actual network 
response to the load shed of the selected premises is deter 
mined by information supplied from the DMS module 128, 
EMS module 122, or SCADA module 123, and the OMS 
module 124. If the estimated network response is satisfied by 
the actual loadshed of the selected premises, it is determined 
whether the event is over (shed duration has been met) in step 
230. If the event is over, then the alarm is cleared in step 232. 
If the event is not over, the processing returns to step 228. If it 
is determined in step 228 that the load shed of the selected 
customers is greater than the network need, then a cancella 
tion notice is Supplied to one or more of the selected custom 
ers in step 234. If it is determined in step 228that the loadshed 
of the selected premises is less than the network need, then 
additional premises are selected in step 236. The increasing 
and decreasing of selected customers may be done incremen 
tally, for example, or in any other Suitable manner. In either 
case, the process returns to step 228 for continuous monitor 
ing until the event is determined to be over in step 230. 
0030 The flow diagram in FIG. 3 illustrates the process 
for estimating the premises shed response of the participating 
customers associated with the affected node. Based upon the 
information supplied to the DR module 140 concerning pre 
mises associated with the node and participating in a load 
shed program shown in step 300, steps 302-308 are per 
formed for each of the associated premises. The process 
determines whether a load shed amount is available from a 
HEM system that may be located at the premises in step 302. 
If this information is available from the HEM, then the data is 
applied as the estimated shed response for that premises in 
step 304. If it is determined in step 302 that the premises does 
not include a HEM device, then it is determined in step 306 
whether historical data exists in the data storage unit 134 for 
the premises for previous shed events. If it is determined that 
historical data for the premises does exist, then the historical 
data is applied as the estimated shed response for that pre 
mises in step 308. If it is determined in step 306 that no 
historical data exists for the premises, then, in step 310, the 
estimated shed response for the premises is determined based 
upon historical data from a similar premises stored in the data 
storage unit 134 or from a predetermined profile in the data 
storage unit 134. 
0031. The process for using historical data as the esti 
mated shed response for a premises will be discussed in 
greater detail. As previously noted, status information for 
each of the premises is stored in the data storage unit 134. The 
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frequency of data retrieval and storage can vary and can be set 
to any frequency Suitable to the application. For purposes of 
discussion, the frequency of retrieval and storage is consid 
ered to be daily or every twenty-four hours. The DR module 
140 retrieves data for a premises from the data storage unit 
134. The DR module 140 determines which days in the past 
most closely resemble the current day. More specifically, it is 
determined which past days most closely corresponds to the 
current day in time of use, day of week, season, temperature, 
humidity and any other data for that premises that would 
affect load. If one or more similar days are found, it is deter 
mined whether a demand response event occurred on any of 
these days. If similar days are found that have had a demand 
response, then an average of responses on those days can be 
used as the response estimate for the current load shedding 
event. 

0032. By way of example, if the current day is a Sunday in 
summer at noon, then the DR module 140 searches for data 
corresponding to a past Sunday in Summer at noon. It will also 
determine whether there is such a day when the premises was 
part of a demand response event. If Such a day is found, the 
load shed response for that premises on that day is retrieved 
and this amount is used as the estimated shed response for that 
premises. If more than one similar day is found, then an 
average of the load shed responses is used as the estimated 
load shed response for that premises. To compute the 
response using historically similar days where one experi 
enced a demand response event and the other did not, com 
pare the data and the difference between the data can be 
applied as the estimated shed response for the premises. 
0033. If no similar day having a demand response event is 
found, then the DR module 140 uses data from another day 
when a demand response event occurred and uses the 
response rate from that day as the estimated shed response for 
the premises for the current event. In other words, if there is a 
past day that responded to a demand response event and the 
response was a ten percent load shed, then determine the 
value of a ten percent load shed under the current conditions 
and use this value as the estimated shed response for the 
premises. Similarly, multiple past days with demand response 
events can be used to provide the estimated shed response for 
the premises by applying regression techniques to the load 
data from those days. 
0034. Another estimation approach includes averaging a 
shed response from a number of different premises in the 
neighborhood having similar size, number of rooms, number 
of floors, etc. The average shed response can be used as the 
estimated shed response of the Subject premises. 
0035 Another approach includes estimating shed 
response using predetermined profile data. The profile data 
can include a number of Standard profiles based on size of 
premises, number of rooms, and number of floors, etc., and 
typical shed amounts for each under different conditions. 
During the estimation process, the DR module 140 selects the 
profile that most closely resembles the subject premises and 
uses the shed amount for corresponding conditions as the 
estimated shed response for the premises. 
0036. The premises selection process in step 222 of FIG.2 

is complicated by the fact that each premises may have a 
maximum shed amount and/or duration agreed upon in the 
customer contract. Shed costs may differ from one premises 
to another. In addition, customer contracts may limit the times 
that they agree to participate in a demand response event. 
Since the maximum shed and the duration may vary from one 
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premises or customer to another, the actual shed event dura 
tion may be longer than the shed duration permitted by some 
premises, equal to the shed duration for other premises and 
more than the duration for others. As shown in FIG.4, in order 
to meet a system level shed amount and duration for the node, 
premises will generally be scheduled to shed load at different 
times and for different durations so that the cumulative effect 
is to satisfy the system level shed requirements at minimum 
cost while maintaining load balance across all three phases of 
the power distribution system. 
0037. One goal for the utility is to minimize the cost of 
responding to a demand response event. Therefore, the pre 
mises selection process can be performed based on lowest 
cost. The selection process can be formulated as a multidi 
mensional knapsack problem studied in operations research 
literature, for example. There are many ways to solve this 
problem including mathematical programming, dynamic 
programming, and greedy algorithms, among others. For 
example, one approach is to use a greedy algorithm where 
selection begins with lowest price and proceeds filling or 
selecting to obtain needed shed amount, as shown along the 
y-axis in FIG.4, and then selecting further to fulfill duration 
requirements along the X-axis in FIG. 4. In this process, some 
premises may not need to be called upon for the entire con 
tract shed duration, i.e., only utilized for amount which sat 
isfies algorithm to meet shed amount and duration needs. 
0038 FIG. 5 is a flow diagram further explaining step 222 
of selecting premises for load shed shown in FIG. 2. In step 
500, the selection process begins by retrieving the available 
shed (kW) and the duration (e.g. minutes, hours) determined 
at step 214 of in FIG. 2. In step 502, the network shed need at 
the node and the expected duration (e.g., minutes, hours) are 
retrieved. In step 504, a knapsack problem is formulated and 
Solved, using techniques discussed above, for selecting the 
premises to satisfy the shed need and duration. In step 506, the 
Solution provides a set of premises to shed to satisfy the 
needed shed amount and duration at the node. 
0039. In estimating the premises shed response, the 
rebound effect is considered. This refers to the phenomenon 
that in practice many types of demand will actually consume 
more than their “normal state following a curtailment or 
shed event. This increase in Subsequent periods can be called 
a "rebound effect.” In estimating the premises response from 
historical data, the premises load on similar days with a shed 
event and without a shed event is compared. This difference 
will automatically include the rebound effect. The same 
applies to other sources of estimating shed response including 
real time estimation and profile estimation. In real-time esti 
mation (data obtained from a HEM, for example), the HEM 
must account for load rebound when providing the shed esti 
mate. Similarly, the profile shed will also include rebound in 
the profile since the profile is created from historical data. 
0040. In summary explanation, embodiments of a targeted 
and selective demand response method and system are dis 
closed that expand the range of contingencies that can be 
mitigated by demand response and Substitutes the shedding of 
non-critical loads for bulk load shedding programs. The 
embodiments provide for targeting a node within a distribu 
tion network requiring a demand response and implementing 
the demand response by selecting premises associated with 
the node and participating in the demand response program to 
reduce the load to acceptable levels. More specifically, the 
system and method provide for selecting only enough partici 
pating premises associated with the node that are necessary to 
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reduce the load to acceptable levels. In addition, the premises 
selected account for the lowest impact/cost to alleviate the 
given contingency. 
0041 While embodiments of the invention will be 
described in the context of responding to contingencies in the 
power distribution network, it will be appreciated by those 
skilled in the art that the method and system can be used for 
other purposes Such as general load control for energy con 
servation, for example. 
0042. While only certain features of the invention have 
been illustrated and described herein, many modifications 
and changes will occur to those skilled in the art. It is, there 
fore, to be understood that the appended claims are intended 
to coverall Such modifications and changes as fall within the 
true spirit of the invention. 
What is claimed is: 
1. A method for controlling load in a distribution network 

of customers of a utility, wherein each of the customers has 
corresponding premises, comprising: 

receiving information from the utility for a node in the 
distribution network demanding power above a prede 
termined threshold, wherein the information comprises 
node identification information, a shed amount and a 
shed duration required to reduce the power demand 
below the predetermined threshold, and information 
identifying participating customer premises associated 
with the node and participating in a load shed program 
from the utility; 

estimating a load shed response for the participating cus 
tomer premises; 

comparing the estimated load shed response with the shed 
amount and the shed duration required to reduce the 
power demand below the predetermined threshold to 
determine a node response to the estimated load shed 
response; 

initiating a load shed event when the node response is 
sufficient to reduce the power demand below the prede 
termined threshold; and 

Selecting one or more of the participating customer pre 
mises for the load shed event based on the node 
response. 

2. The method of claim 1, wherein the estimating the load 
shed response further comprises: 

estimating a rebound affect for the participating customer 
premises. 

3. The method of claim 1, further comprising: 
informing the one or more participating customer premises 

of the load shed event; 
comparing an actual node response with the node response 

for the one or more participating customer premises; and 
adjusting the one or more participating customer premises 

selected for the load shed event based on the compari 
SO. 

4. The method of claim3, wherein the adjusting comprises: 
increasing a number of the participating customer premises 
when the actual node response is less than the node 
response; and 

decreasing a number of the participating customer pre 
mises when the actual node response is more than the 
node response. 

5. The method of claim 1, wherein the estimating the load 
shed response of the participating customer premises com 
prises obtaining, for each of the participating customer pre 
mises, load shed data from one of a device located at the 
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participating customer premises, a loadshedding history pro 
file for the participating customer premises, a load shedding 
history profile for another participating customer premises, or 
a predefined premises profile. 

6. The method of claim 5, wherein the obtaining the load 
shed data from the device located at the participating cus 
tomer premises comprises obtaining the load shed data from 
a home energy management system arranged at the partici 
pating customer premises. 

7. The method of claim 5, wherein the obtaining the load 
shed data from the load shedding history profile for the par 
ticipating customer premises comprises: 

comparing current loadshed condition data with historical 
load shed condition data in the load shedding history 
profile for the participating customer premises; 

identifying a previous load shed event that most closely 
matches the current load shed condition for the shed 
event; 

retrieving a past load shed response for the previous load 
shed event; and 

applying the past loadshed response as the load shed data. 
8. The method of claim 5, wherein the obtaining load shed 

data from the load shedding history profile for another par 
ticipating customer premises comprises: 

comparing a participating customer premises profile for 
the participating customer premises with other partici 
pating customer premises profiles; 

identifying a different participating customer premises 
profile that most closely matches the participating cus 
tomer premises profile; 

comparing current load shed condition data for the partici 
pating customer premises with historical loadshed con 
dition data in a load shedding history profile for the 
different participating customer premises; 

identifying a previous load shed event for the different 
participating customer premises that most closely 
matches the current loadshed condition data for the shed 
event; 

retrieving a past load shed response for the previous load 
shed event for the different participating customer pre 
mises; and 

applying the past load shed response for the different par 
ticipating customer premises as the load shed. 

9. The method of claim 5, wherein the obtaining the load 
shed data from the predefined premises profile comprises: 

comparing a participating customer premises profile for 
the participating customer premises with predefined pre 
mises profiles; 

identifying the predefined premises profile that most 
closely matches the participating customer premises 
profile; 

retrieving profile load shed data for the predefined pre 
mises profile; and 

applying the profile load shed data for the predefined pre 
mises profile as the load shed data. 

10. The method of claim 1, wherein the selecting the one or 
more of the participating customer premises for the loadshed 
event comprises: 

utilizing operations research methods to determine a set of 
the participating customer premises to select for the load 
shed event. 

11. The method of claim 10, wherein the utilizing opera 
tions research methods comprises utilizing a knapsack prob 
lem formulation. 
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12. The method of claim 11, wherein the selecting the one 
or more of the participating customer premises for the load 
shed event comprises: 

utilizing one of mathematical programming, dynamic pro 
gramming, or greedy algorithms; and 

Solving the knapsack problem formulation. 
13. A computer-readable medium comprising computer 

readable instructions of a computer program that, when 
executed by a processor, cause the processor to perform a 
method for controlling load in a distribution network of cus 
tomers of a utility, wherein each of the customers has corre 
sponding premises, the method comprising: 

receiving information from the utility for a node in the 
distribution network demanding power above a prede 
termined threshold, wherein the information comprises 
node identification information, a shed amount and a 
shed duration required to reduce the power demand 
below the predetermined threshold, and information 
identifying participating customer premises associated 
with the node and participating in a load shed program 
from the utility; 

estimating a load shed response for the participating cus 
tomer premises; 

comparing the estimated load shed response with the shed 
amount and the shed duration required to reduce the 
power demand below the predetermined threshold to 
determine a node response to the estimated load shed 
response; 

initiating a load shed event when the node response is 
sufficient to reduce the power demand below the prede 
termined threshold; and 

Selecting one or more of the participating customer pre 
mises for the load shed event based on the node 
response. 

14. The computer-readable medium of claim 13, wherein 
the estimating the load shed response of the participating 
customer premises comprises obtaining, for each of the par 
ticipating customer premises, load shed data from one of a 
device located at the participating customer premises, a load 
shedding history profile for the participating customer pre 
mises, a load shedding history profile for another participat 
ing customer premises, or a predefined premises profile. 

15. The computer-readable medium of claim 14, wherein 
the selecting the one or more of the participating customer 
premises for the load shed event comprises: 

utilizing operations research methods to determine a set of 
the participating customer premises to select for the load 
shed event. 

16. The computer-readable medium of claim 15, wherein 
the utilizing operations research methods comprises a utiliz 
ing a knapsack problem formulation. 

17. The computer-readable medium of claim 16, wherein 
the selecting the one or more of the participating customer 
premises for the load shed event comprises: 

utilizing one of mathematical programming, dynamic pro 
gramming, or greedy algorithms; and 

Solving the knapsack problem formulation. 
18. A system for controlling load in a distribution network 

of customers of a utility, wherein each of the customers has 
corresponding premises, the system comprising: 

a first module configured to receive information identify 
ing a node in the distribution network demanding power 
above a predetermined threshold, wherein the informa 
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tion comprises a shed amount and a shed duration 
required to reduce the power demand below the prede 
termined threshold; 

a second module configured to identify participating cus 
tomer premises associated with the node and participat 
ing in a load shed program from the utility; 

a third module configured to: 
estimate a load shed response of the participating cus 

tomer premises; 
compare the estimated loadshed response with the shed 
amount and the shed duration required to reduce the 
power demand below the predetermined threshold to 
determine a node response to the estimated load shed 
response; 

initiate a load shed event when the node response is 
sufficient to reduce the power demand below the pre 
determined threshold; and 

Select one or more of the participating customer pre 
mises for the load shed event based on the node 
response; and 

a fourth module configured to transmit control signals to 
the selected participating customer premises to reduce a 
load for the load shed event. 

19. The system of claim 18, wherein the third module is 
further configured to: 

inform the one or more participating customer premises of 
the load shed event; 

compare an actual node response with the node response 
for the one or more participating customer premises; and 

adjust the one or more participating customer premises 
selected for the load shed event based on the compari 
SO 

20. The system of claim 19, wherein the third module 
adjusts the one or more participating customer premises 
selected for the loadshed event by increasing a number of the 
participating customer premises when the actual node 
response is less than the node response, and decreasing a 
number of the participating customer premises when the 
actual node response is more than the node response. 

21. The system of claim 18, wherein the third module 
estimates the loadshed response of the participating customer 
premises by obtaining, for each of the participating customer 
premises, load shed data from one of a device located at the 
participating customer premises, a loadshedding history pro 
file for the participating customer premises, a load shedding 
history profile for another participating customer premises, or 
a predefined premises profile. 

22. The system of claim 21, wherein the third module 
obtains the load shed data from a home energy management 
system arranged at the participating customer premises. 

23. The system of claim 21, wherein the third module 
obtains the load shed data from the load shedding history 
profile for the participating customer premises by: 

comparing current loadshed condition data with historical 
load shed condition data in the load shedding history 
profile for the participating customer premises; 

identifying a previous load shed event that most closely 
matches the current load shed condition for the shed 
event; 

retrieving a past load shed response for the previous load 
shed event; and 

applying the past loadshed response as the load shed data. 
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24. The system of claim 21, wherein the third module 
obtains the load shed data from the load shedding history 
profile for another participating customer premises by: 

comparing a participating customer premises profile for 
the participating customer premises with other partici 
pating customer premises profiles; 

identifying a different participating customer premises 
profile that most closely matches the participating cus 
tomer premises profile; 

comparing current load shed condition data for the partici 
pating customer premises with historical loadshed con 
dition data in a load shedding history profile for the 
different participating customer premises; 

identifying a previous load shed event for the different 
participating customer premises that most closely 
matches the current loadshed condition data for the shed 
event; 

retrieving a past load shed response for the previous load 
shed event for the different participating customer pre 
mises; and 

applying the past load shed response for the different par 
ticipating customer premises as the load shed. 
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25. The system of claim 21, wherein the third module 
obtains the load shed data from the predefined premises pro 
file by: 

comparing a participating customer premises profile for 
the participating customer premises with predefined pre 
mises profiles; 

identifying the predefined premises profile that most 
closely matches the participating customer premises 
profile; 

retrieving profile load shed data for the predefined pre 
mises profile; and 

applying the profile load shed data for the predefined pre 
mises profile as the load shed data. 

26. The system of claim 18, wherein the third module 
selects the one or more of the participating customer premises 
for the load shed event by: 

utilizing operations research methods to determine a set of 
the participating customer premises to select for the load 
shed event. 


